caused by the presence in the abdominal cavity of free cancer cells exfoliated from the serosal surfaces of the primary cancers [3] , and these cells have been detected by the cytologic examination of peritoneal washes [4] [5] [6] [7] [8] . For this detection, however, microscopic examination following conventional Papanicolaou staining lacked sensitivity [9] , and immunohistochemistry [10, 11] and reverse-transcriptase polymerase chain reaction (RT-PCR) techniques have been introduced to improve the detection rates. The authors have reported on RT-PCR, using the LightCycler instrument (Roche Diagnostics, Mannheim, Germany), with carcinoembryonic antigen (CEA) as a target [12] ; sensitivity (positive rate for CEA mRNA among patients who had peritoneal deposits at surgery, or a relapse, in the form of peritoneal carcinomatosis, during the follow up) of 80% was achieved, while that achieved by conventional Papanicolaou staining was 56% [13] . Meanwhile, several studies exploring other targets have been reported [14, 15] . Nevertheless, false-negative results and, more frequently, false-positive results, were occasionally observed, and studies in search of a target mRNA with improved specificity and without loss of sensitivity are warranted.
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In carcinoma of the gastrointestinal tract, cytokeratin 20 (CK20) has been suggested as a promising marker, due to its restricted expression pattern [16] and the lack of pseudogenes [17] . It was quantitated in a study detecting gastric carcinoma micrometastasis to the lymph nodes [18] , and was positive in one patient with nodal metastasis that was detected by routine histopathologic examination but missed by CEA RT-PCR. It was one of five genes that were recently selected, first by a genescreening strategy using microarray, and then by confirmation through RT-PCR analysis of the representative peritoneal washes [19] , as potential markers for specifically detecting cancer cells in peritoneal washing samples. In the present study, the sensitivity and specificity of CK20 mRNA for detecting free cancer cells
Introduction
Peritoneal carcinomatosis represents a common pattern of failure following curative surgery for gastric carcinoma [1, 2] . Recurrence with this pattern is most likely from peritoneal washes was tested, and compared with results obtained by a CEA RT-PCR.
Patients and methods

Patients
Between June 1995 and December 1999, peritoneal washing samples were collected from 230 patients who underwent surgery for histologically proven gastric carcinoma at Aichi Cancer Center Hospital. Some of these samples were lost or used in previous studies, while some patients were lost to follow up; thus, samples from 195 patients were available for the present analyses. All 195 patients were followed up for a median of 1843 days (range, 1011-2575 days) or until death. The depth of cancer invasion (pT category) was evaluated histologically according to the tumor-node-metastasis Classification [20] . There were 76 patients with pT1 cancer (cancer confined to the mucosa or invading as far as the submucosa), 41 patients with pT2 cancer (invasion beyond the submucosa but not as far as the serosa), 61 with pT3 cancer (serosal invasion), and 17 with pT4 cancer (invasion to adjacent tissues). The population included 26 patients with synchronous peritoneal metastasis. The study was approved by the institutional review board in 1995, and informed consent was obtained from all patients prior to collection of the samples.
Surgical procedure
After laparotomy, the abdominal cavity was thoroughly examined for tumor metastasis, and peritoneal deposits in particular. Samples of the latter were taken whenever they were observed and the diagnosis of cancer metastasis was histologically confirmed with frozen sections before the abdomen was closed. When potentially curative R0 resection [20] was planned, gastrectomy with D2 lymphadenectomy was the treatment of choice. Palliative resection was performed and chemotherapy given at the discretion of the surgeons for patients who were not treated with R0 resection. Gastrectomy was avoided for those with extensive invasion to the retroperitoneum and for those with extensive peritoneal dissemination.
Postoperative surveillance of patients
The follow-up program consisted of interim history, physical examination, hematology, and blood-chemistry panels, including tests for CEA and carbohydrate antigen (CA)19-9, performed every 3 months for the first postoperative year, and every 6 months thereafter.
Either abdominal ultrasonography or computerized tomography was carried out every 6 months. Peritoneal recurrence, evident on the basis of clinical symptoms, digital examination, or physical and radiological findings of bowel obstruction and ascites, was confirmed by paracenthesis or laparotomy (performed at the discretion of the surgeon). Autopsy was performed at the discretion of the surgeon.
Peritoneal washes
At the beginning of each operation, 100 ml of saline was introduced into the Douglas and left subphrenic cavities and aspirated. After gentle stirring, the wash sample was centrifuged at 1800 rpm for 5 min to collect intact cells, rinsed with phosphate-bufferred saline (PBS), dissolved in Isogen RNA extraction buffer (Nippon Gene, Tokyo, Japan) and stored at -80°C until use. A portion of each peritoneal washing sample was examined cytopathologically, using conventional Papanicolaou and Giemsa staining.
Real-time RT-PCR
Real-time RT-PCR detection of CEA mRNA in the peritoneal washing samples was performed as described elsewhere [12] . In brief, total RNA was extracted, using a guanidinium isothiocyanate-phenol-chloroform method. Extracted total RNA was converted to firststrand cDNA and was immediately used for PCR amplification, done with a LightCycler (Roche Diagnostics). Real-time RT-PCR was performed by a single-step method (50 cycles), using hybridization probes. The primers for CEA, CK20, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were designed as described previously [18] . Both CEA and CK20 mRNA levels were normalized by the GAPDH mRNA level, and the CEA/GAPDH ratio and CK20/GAPDH ratio were calculated (CEA or CK20 mRNA level divided by GAPDH mRNA ¥ 10 7 ). A cutoff value of 30 for the CEA/GAPDH ratio had been established in our previous study [13] , with reference to the receiver-operating characteristic curve. A multimarker analysis was performed in order to evaluate whether the combination of the CEA and CK20 RT-PCR would increase the accuracy of the diagnosis. In this analysis, a sample that was positive for either or both of the markers was determined to be positive for the RT-PCR.
Statistical analysis
Receiver-operating characteristic (ROC) curves were used to compare the accuracies of the CEA/GAPDH ratio and the CK20/GAPDH ratio for distinguishing between the patients who were positive and negative for intraperitoneal metastatic cancer cells. Being positive for intraperitoneal cancer cells in this analysis was arbitrarily defined as either having macroscopic dissemination at surgery or being diagnosed clinically as having peritoneal carcinomatosis during the 2 years of follow up [13] . ROC curves were constructed by plotting all possible sensitivity/specificity pairs for the two mRNA ratios, resulting from continuously varying the cutoff values over the entire range of results obtained. Sensitivity in this context was defined as the positive rate for CEA or CK20/GAPDH ratios in the peritoneal washes of patients who had synchronous peritoneal seeding or relapse, in the form of peritoneal carcinomatosis, within 2 years of postoperative surveillance. Specificity was the negative rate for the CEA or CK20/GAPDH ratios among the patients who were free of peritoneal metastasis at surgery, and without signs of peritoneal carcinomatosis thereafter. For both the CEA and CK20/ GAPDH ratios, sensitivity (%) on the y axis was plotted against the false-positive fraction (100-specificity, as percentage) on the x axis, with various cutoff values ranging from 0 to several thousands. The sensitivity increases at the expense of specificity as the cutoff value is lowered, and a plot lying above and to the left of another plot indicates greater observed accuracy. Sensitivity/specificity pairs for conventional cytologic examination and the multimarker analysis were worked out and plotted for reference.
Survival analyses were made by Kaplan and Meier curves, with death as the endpoint. Independent prognostic factors were identified by multivariate analysis, using the Cox regression hazards model, through the analysis of results for 156 patients who had no concomitant peritoneal metastasis and were negative by the conventional cytologic examination. The prognostic significance of CEA RT-PCR, CK20 RT-PCR, and the multimarker analysis were evaluated separately in three independent multivariate analyses, with nodal metastasis and serosal invasion as other covariates.
Results
CK20 mRNA levels stratified according to the depth of tumor invasion
Results of quantitative analysis by the LightCycler for the CK20/GAPDH ratio (CK20 mRNA/GAPDH mRNA ¥ 10 7 ), stratified according to the pT category, are summarized in Fig. 1 . For individuals with samples from both the Douglas and left subphrenic cavities, the higher value was selected. It is clear, as in case of the CEA/GAPDH ratio, that the CK20/GAPDH ratios tended to take higher values as the pT stage progressed. The cutoff value for the CK20/GAPDH ratio was arbitrarily determined as any value above 0, so as to compensate for the lack of sensitivity compared with CEA, whereas a predetermined cutoff value of 30 was used for the CEA/GAPDH ratio [13] . Only five samples of peritoneal washes were available from patients with benign disease, and all these samples were negative for CEA and CK20 mRNA.
Accuracy of the CK20/GAPDH ratio for detecting intraperitoneal cancer cells
ROC curves for CEA/GAPDH and CK20/GAPDH are shown in Fig. 2 . The maximum sensitivity of 63% was obtained for the CK20/GAPDH ratio by arbitrarily employing the smallest detectable value as a cutoff , stratified according to the pathological T category. Open circles below the CEA or CK20/GAPDH ratios of 0.01 stand for samples in which CEA or CK20 mRNA was undetectable value (any value above 0). The specificity, positive predictive value, and negative predictive value at this point were 91%, 70%, and 88%, respectively. The sensitivity and specificity obtained by the CEA/GAPDH ratio at the predetermined cutoff value of 30 13 were 56% and 90%, respectively, but the sensitivity was improved substantially (up to 86%) by lowering the cutoff value. The sensitivity/specificity pairs obtained by the conventional cytologic examination (49% and 95%) and by the multimarker assay using data from CEA and CK20 RT-PCR (73% and 86%) are also plotted in Fig. 2 . The sensitivity/specificity pair of the multimarker assay was found to have deviated above and to the left of the ROC curve for CEA and CK20, indicating that the multimarker assay had greater accuracy.
Results of cytology and real time RT-PCR and their relation to recurrence and survival
The 195 patients with gastric carcinoma were stratified into the following four groups, according to the results of cytology and CK20 RT-PCR: a group of 18 patients who were positive for both cytology and CK20/ GAPDH (CY+ CK20+), a group of 13 patients who were positive for cytology but negative for CK20/ GAPDH ratio (CY+ CK20-), a group of 26 patients who were positive for PCR but negative for cytology (CY-CK20+), and a group of 138 patients who were negative for both cytology and PCR (CY-CK20-). Survival curves for these four groups demonstrated that the prognosis of the CY-CK20+ group approached that of the CY+ groups, indicating that knowledge of the peritoneal fluid CK20 mRNA level has a place as a prognostic indicator, even after the result of cytology examination has been obtained (Fig. 3 ). An identical survival analysis was performed with CY+ CEA+ (n = 19), CY+ CEA-(n = 12), CY-CEA+ (n = 23), and CY-CEA-(n = 141) groups, and the result was similar to that obtained previously (Fig. 3) . CK20 mRNA was detected from the samples of 11 patients from the CY-CEA-group, of whom 2 patients had concomitant peritoneal deposits at surgery and 3 had recurrences as peritoneal carcinomatosis.
Survival curves showing the result of the multimarker analysis are shown in Fig. 4 . In this analysis, being positive for either CEA or CK20 mRNA was regarded as being positive for free cancer cells in the abdominal cavity. Among the patients who were negative for CK20 mRNA, 8 patients were positive for the multimarker analysis and, among those negative for CEA, 11 patients were positive for the multimarker analysis.
Value of cytology and RT-PCR as independent prognostic factors
Both the CK20/GAPDH ratio and the CEA/GAPDH ratio were highly significant as prognostic factors by univariate analysis. In a multivariate analysis involving 156 patients who had no concomitant peritoneal deposits and were negative for the conventional cytology examination, the prognostic significance of CEA RT-PCR, CK20 RT-PCR, and the multimarker analysis was evaluated separately in three independent multivariate analyses, with nodal metastasis and serosal invasion as other covariates. The multimarker analysis was the only PCR-related covariate that was identified as a significant independent prognostic factor ( Table 1) . Fig. 2 . Receiver-operation characteristic curves for the CK20/GAPDH ratio (diamonds) and CEA/GAPDH ratio (closed squares). The cutoff value for CEA was predetermined as 30, where sensitivity and specificity were 56% and 90%, respectively. The maximum sensitivity obtained by the CK20/GAPDH ratio was 63% (specificity, 91%). Sensitivity/ specificity pairs for conventional cytology examination (closed circle) and combined diagnosis with the CEA/GAPDH and CK20/GAPDH ratios (multimarker assay; open circle) are also plotted
Discussion
In countries where an extended lymphadenectomy is a standard procedure, the most common type of gastric cancer recurrence is peritoneal carcinomatosis [1, 2] , local recurrences being relatively uncommon. In the United States, adjuvant chemoradiation as a new standard of care [21] could also reduce the incidence of local recurrences. Thus, the detection of intraperitoneal cancer cells by the cytologic examination of peritoneal washes may become increasingly important as a prognostic factor worldwide. In general, CEA mRNA expression is strong in cancer tissues of gastric carcinoma of the differentiated (intestinal) type, but relatively weak or undetectable in poorly differentiated gastric carcinoma [22] . The use of other, or multiple, markers could improve sensitivity, and CK20 had been selected in a previous study for the detection of nodal micrometastases [18] . More recently, an extensive gene-screening strategy, using microarrays, identified CK20 as one of five potential mRNAs that could be used as markers of free cancer cells in peritoneal washing samples [19] . These findings prompted us to explore the potential of CK20 RT-PCR. A multimarker assay, employing both CEA and CK20 RT-PCR, has already been reported as an option for the prediction of peritoneal recurrence [23] . In that report, however, the predictive value of CK20 alone had not been presented.
One weakness of the present study concerns the determination of the cutoff value. Limited access to peritoneal washes from patients with benign disease at a cancer center hospital precluded us from testing a large number of samples to serve as controls. In the present study, therefore, only five samples collected at surgery for benign disease were tested, and neither CEA nor [23] examined 25 peritoneal lavage samples from patients with benign disease and found that only 1 sample contained a detectable amount of CK20, while CEA was not detectable in any of the samples. On the other hand, Oyama et al. [24] detected CEA mRNA in 10 of 20 peritoneal lavage samples that they collected. They subsequently determined their cutoff level as the mean plus two SDs of these 20 samples. Although the determination of the cutoff value should preferably be performed by measuring a large number of control samples, investigators should be aware that, unlike peripheral blood, peritoneal washes cannot be obtained from healthy volunteers. Patients who undergo surgery for benign disease often suffer from inflammatory disease, and the profile of the mRNA in the peritoneal washes from these patients may not necessarily represent that of healthy controls.
The problem consistently encountered when employing an RT-PCR technique concerns specificity. After numerous reports describing the successful application of this technique for the detection of micrometastases, a criticism arose in the literature, pointing to unexpectedly high rates of false-positives with CK20 [25] . The false-positive results were attributed to the illegitimate expression of target mRNA in granulocytes. This becomes a considerable problem when the samples to be evaluated are of peripheral blood or bone-marrow aspirates, but perhaps there is less of a problem when we are dealing with peritoneal washes. In the present study, the specificity achieved by CK20 RT-PCR was 91%, and that of CEA RT-PCR was 90%. These values approached that for the conventional cytology examination (95%). Rather disappointingly, however, the maximal sensitivity obtained by CK20 RT-PCR was no more than 64%, even when the lowest possible cutoff value was employed. One way of utilizing the data would be to combine the data with data obtained from CEA RT-PCR, as recommended by Sugita et al. [23] , so that a sample would be diagnosed as positive when either of the two mRNAs exceeded the cutoff value. The sensitivity of the multimarker analysis reached 73%, although the specificity declined, to 86%, and multivariate analysis eventually identified the multimarker analysis as the only significant independent prognostic factor among the various data obtained with the RT-PCR technique.
Finally, the present method of detection (i.e., realtime RT-PCR) remains time-consuming, in that it takes at least 2 h from the collection of samples to obtain results. The result could still be used to decide whether or not to place an indwelling catheter for intraperitoneal chemotherapy following debulking surgery or whether to add more aggressive options, such as intraperitoneal chemohyperthermia [26] . This technique can certainly be used to select candidates for postoperative adjuvant chemotherapy. On the other hand, this technique can, no doubt, be applied to evaluate samples obtained at staging laparoscopy [27] .
To summarize, the result of diagnosis shown by multimarker analysis was marginally more significant as a prognostic determinant compared with the RT-PCRmediated detection of CEA or CK20 alone. CK20 RT-PCR demonstrated a relatively high specificity, but limited sensitivity, which may hinder its use alone for the detection of disseminated cancer cells in the abdominal cavity.
